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Description 

This invention relates to novel bone-bonding gel- 
derived titania-based coatings. The invention also 
includes processes for the preparation of such coatings 
and their uses as surgical implants. 

Titanium and its alloys are extensively used in 
reconstruction surgery as dental and orthopaedic 
implants because of their excellent biocompatibility with 
bone tissue (P.I. Branemark, J. Prosthetic Dent. 50:399- 
410, 1983; D.I. Bardos, D. Williams (ed), Concise Ency- 
clopedia of Medical & Dental Materials, Pergamon 
Press, Oxford 1990, pp 360-365; R. van Noort, J. Mater. 
Sci. 22:3801-3811, 1987). This can be explained by the 
unique characteristics of titanium-bone interface. The 
extremely slow growth of titanium oxide was observed 
during the implantation. The TiOH groups within the 
hydrated oxide layer were considered to be involved in 
the events leading to osseointegration of the titanium 
implants (P. Tengwall & I Lundstrom, Clinical Materials 
9:115-134, 1992). The calcium and phosphorous 
groups were identified in the few nanometer thick oxide 
layer (D. Mcqueen et al, Clinical application of Biomate- 
rials, John Wiley & Sons, Chichester, 1982, pp. 167- 
177). Although titanium implants could be fixed in bone 
bed through osseointegration by using appropriate sur- 
gical techniques, the fixation proceeds slowly and 
depends largely on surgery (L. Sennerby PhD thesis, 
University of Gotenburg, Gotenburg, Sweden, 1991). To 
enhance the bonding process and improve the bonding 
strength, the plasma-sprayed coatings of apatite, more 
particularly hydroxyapatite, were developed and 
approved for clinical application (K. de Groot, J. Ceram. 
Soc. Japan 99:943-953, 1991). However, from a techni- 
cal point of view, plasma spraying is cumbersome and 
essentially complex, because apatite powder is chemi- 
cally unstable at elevated temperatures. 

Implants can chemically bond to bone through apa- 
tite because bone mineral is hydroxyapatite. These 
bone-bonding implants could be wholly apatite ceramic 
or coated with apatite using specific techniques such as 
plasma spray coating process. Furthermore, apatite can 
also be used as a bioactive phase in some composites 
to make them bond to bone (K. Verheyen, Resorbable 
materials with bone bonding ability, PhD thesis, Leiden 
University Holland, 1993). In contrast to those apatite- 
based materials, bioactive glasses and glass-ceramics 
develop apatite layer onto their surfaces after implanta- 
tion within bone tissue (L. L. Hench, Bioceramics: from 
concept to clinics, J. Am. Ceram. Soc. 74:1487-510, 
1991; T. Kokubo, Bioactive glass ceramics: properties 
and application, Biomaterials 12:155-163, 1991). This 
kind of apatite gives the glasses and glass-ceramics a 
bone-bonding strength stronger than apatite ceramics 
(T Kokubo, Bioactivity of glasses and glass-ceramics, in 
Bone-bonding Biomaterials, P. Ducheyne, T. Kokubo 
and C. A. van Blitterswijk(eds), Reed Health-care Com- 
munication, Holland, 1992, pp. 31-46). This bone-like 



apatite formation results from the interaction of these 
bioactive glasses and glass-ceramics with the sur- 
rounding biological tissue and especially with body fluid. 
The potential for apatite formation can be evaluated 

5 for materials by using a metastable calcium phosphate 
solution, called a simulated body fluid (SBF, Na"^ 142, K+ 
5.0, Mg2+ 1.5, Ca2+ 2.5. Cr 148, HCOs" 4.2, HP042- 1.0 
and S04^~ 0.5 in mM). The fluid has been used in in vitro 
studies to provide information about the process of 

10 bone-like apatite formation on these bioactive glasses 
and glass ceramics because of its ion concentrations 
nearly equal to those of human blood plasma (T Kokubo 
et al, J Biomed Mater Res 24, 721-734, 1990). Moreo- 
ver, it does help a great deal to assess the possibility of 

15 bone-bonding for materials before their in vivo study. 
Those materials which can induce apatite formation on 
their surfaces in SBF can be placed in the list of candi- 
dates for bone-bonding materials. Recent research 
showed that besides bioactive glass and glass-ceram- 

20 ics, also pure silica prepared by sol-gel method can suc- 
cessfully induce bone-like apatite formation on its 
surface whereas pure silica glass and quartz both syn- 
thesized at high temperature cannot (P Li et al "Apatite 
formation induced by silica gel in a simulated body 

25 fluid", J. Am. Ceram. Soc. 75: 2094-2097, 1992). One 
difference in characteristics among these three silica 
exists in the density of silanol groups (SiOH). The gel- 
derived silica has abundant SiOH groups whereas both 
silica glass and quartz do not have. Furthermore, bioac- 

30 tive glasses prepared by sol-gel process were reported 
to form apatite faster than the same glasses but pre- 
pared through conventional melting methods (R. Li et al, 
J App Biomater 2:231 -239, 1991). 

Based on these findings, we suspected that titania 

35 is also an apatite inducer if it is prepared by sol-gel 
method. In vitro study with the titania gel showed evi- 
dence to support our speculation. It was found that apa- 
tite is induced by the titania gel when soaked in SBF 
both as bulk and as coating. Figure 1 represents scan- 

40 ning electron microscopic (SEM) micrographs showing 
a) hydroxyapatite formation on the bulk (above) and b) 
coating (below) of gel-derived titania after they are 
soaked in SBF The implantation with gel-derived titania 
coated titanium plugs in the femura of goats revealed 

45 that calcium phosphate could accumulate and deposit 
onto and/or within the titania gel coating. As shown in 
Figure 2, this calcium phosphate layer bridges the bone 
and the coating so that they can bond to each other. We 
consider that abundant TiOH groups remained in gel- 

50 derived titania are responsible for its high affinity for cal- 
cium and phosphate. 

Swedish Patent No. 46491 1 describes a Ti-gel film 
produced by treating the titanium surface with hydrogen 
peroxide under certain conditions. The reaction was 

55 considered to alter Ti02 into Ti04.x(0H)x. The patent 
claimed such a surface to possess anti-inflammatory 
properties. The inventors suggested that "such a gel- 
surface resulting from the reactions in vivo might have 
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something to do with a formation of chemical bonding of 
the bone to the titanium implants". However, the docu- 
ment did not show any evidence or indication that the 
treated titanium surface might be bioactive. There is no 
mention of a Ca,P-layer, which is generally accepted as 
a prerequisite for the bone bonding to occur. Our exper- 
iments clearly demonstrated that a Ca,P-layer forms 
onto the titania-gel derived coating both in vitro and in 
vivo, which is a basic difference from the Ti-gel surface 
described in the Swedish patent. 

The apatite induction capacity of gel-derived titania 
could be enhanced by the corporation of, for instance, 
CaO, P2O5, Na20 or Si02 into the titania. They can be 
introduced during the process to make titania-based 
materials. As a matter of fact, the effect of these additive 
compounds on bone-bonding has been determined for 
bioactive glasses and glass-ceramics (L.L Hench: "The 
compositional dependence of bioactive glasses and 
glass ceramics", P Vincenzine (ed), Ceramics in substi- 
tutive and reconstructive surgery Amsterdam, Elsevier, 
1991, pp. 259-274). AI2O3, B2O 

3, Mgo rnay be 

added as well. They can remain in the oxide form within 
the coating or, at least to some extent, release the cor- 
responding ions. 

In addition to the sol-gel process used for the prep- 
aration of titania having sufficient TiOH groups, a gal- 
vanic process can also be considered. Our studies have 
shown that the gel-like surface formed on a negative 
titanium pole when two pieces of titanium plates were 
placed at a distance in a hydroxide solution (Ca(0H)2 in 
this case) with a proper Ph value under certain voltage. 
Figure 3 shows SEM photograph of Ti-gel formed on the 
negative Ti-pole where SEM-EDX showed the accumu- 
lation of Ca and P when soaked in SBF (original magni- 
fication: 680x, bar (white) 100 ^m). 

This gel was thus capable of attracting Ca and P 
ions from surrounding calcium phosphate solution. 
Such surface could be expected to promote bone-bond- 
ing compared to untreated titanium surfaces. Oxides of 
Ca, P, Na, Si, Al, B, Mg and K may also be added during 
the galvanic process to improve the coatings. 

It can be expected that a strong bonding between 
titanium implant and gel-derived titania-based coating 
can be developed through a passivating titanium oxide 
layer which could secure a lasting strong bone bonding. 
Furthermore, it is simple in technique to develop the gel- 
derived titania coating on titanium and its alloys com- 
pared with plasma-sprayed technique. Hence, the 
development of gel-derived titania-based coatings on 
titanium and its alloys is highly interesting from both sci- 
entific and application points of view. Such gel-derived 
titania-based materials are believed to give rise to an 
entirely new generation of bone-bonding materials. 

Thus, one object of the invention is a novel gel- 
derived titania-based coating material having abundant 
TiOH groups for biomedical application, said coating 
material being capable of inducing apatite formation 
onto its surface under in vitro conditions, e.g. in a simu- 



lated body fluid, and/or calcium phosphate deposition 
under in vivo conditions. According to one aspect of the 
invention, the coating material can further comprise one 
or more of the following elements either as ions or as 

5 oxides: Ca, P, Si, Na, K, B, Mg and Al. These additives 
are introduced to enhance calcium phosphate formation 
and improve the stability of the coating. 

Another object of the invention is a method for the 
preparation of a gel-derived titania-based coating mate- 

10 rial according to a sol-gel method. 

Another object of the invention is a method for the 
preparation of a gel-derived titania-based coating mate- 
rial by a galvanic process. Preferably the process is car- 
ried out in a hydroxide solution where titanium is used 

15 as the positive as well as the negative pole. According 
to this process a titania gel surface is formed on the 
negative pole. 

Another object of the invention is a method for the 
preparation of a gel-derived titania-based coating mate- 

20 rial according to a sol-gel method or the galvanic 
method wherein one or more of the following oxides are 
added to the process: CaO, P2O5, Na20, Si02, K2O, 
Ai203, B2O3 and MgO. 

A further object of the invention is an implant for 

25 biomedical application comprising of a substrate and a 
gel derived titania-based coating material thereon, said 
coating material being capable of inducing apatite for- 
mation onto its surface under in vitro conditions, e.g. in 
a simulated body fluid, and/or calcium phosphate depo- 
se sition under in vivo conditions. 

According to one aspect of the invention the sub- 
strates are tooth, hip or other joint implant substrates, or 
other biomedical implant substrates. 

According to another aspect of the invention the 

35 substrate is a polymeric, metallic, ceramic, carbon sub- 
strate or a composite substrate comprising one or more 
of said components. 

According to a preferred aspect of the invention the 
substrate is titanium or a titanium alloy 

40 A further object of the invention is an implant for 
biomedical application comprising of a substrate and a 
gel-derived titania-based coating material thereon, said 
coating material being capable of inducing calcium 
phosphate formation onto its surface in vitro e.g. in a 

45 simulated body fluid and/or in vivo, wherein the coating 
material further comprises one or more of the following 
elements either as ions or as oxides: Ca, P, Si, Na, K, B, 
Mg or Al. 

According to a further aspect of the invention the 
50 implant comprises a substrate and an apatite layer, said 
layer having been grown on a gel-derived titania coating 
in a synthetic solution, preferably a SBF solution. 

According to a further aspect of the invention the 
implant comprises a substrate and a layer being essen- 
55 tially a mixture of gel-derived titania and apatite, said 
apatite component having been grown on a gel-derived 
titania coating in a synthetic solution, preferably a SBF 
solution. 



3 



5 



EP0 642 362 B1 



6 



According to the sol-gel method, a titania gel coat- 
ing was prepared by a dipping process. A substrate is 
dipped in a ready-to-use titania sol solution and with- 
drew at the speed of about 5-50 cm/min. After kept at 
ambient temperature for 5-10 minutes, the gel film on 
the substrate was treated at 350-750°C for 3-30 minutes 
and then allowed out the oven to cool in air. Subse- 
quently, the coating was given a ultrasonic cleaning in: 
(a) acetone for 3-10 minutes; (b) ethanol for 3-10 min- 
utes. After that, the coating was rinsed with deionized 
water and dried. The devices can be repeatedly coated 
for several time to obtain thicker titania gel coatings. The 
titania sol solution was prepared by hydrolyzation of 
tetraisopropyl orthotitanate (Ti(C3H70)4). 5-20 grams of 
this titanium alkoxide was dissolved into 10-30 grams of 
absolute ethanol. The hydrolyzation of titanium alkoxide 
takes place when the above solution is mixed at 0°C 
with another ready-to-use solution with the composition: 
absolute ethanol 5-15, ethylenglycolmonoethylether 
(C4H10O2) 2-5, H2O 0.5-1 .5 and condensed HCI 0.5-1 .5 
in gram. The titania sol solution is then used for coating 
after its aging for 0.5-30 hours. A bulk titania gel was 
prepared by evaporating HCI-peptized amorphous tita- 
nia sol 50 nm in size in an oven at 80°C. The gel was 
heated at 400-700°C for 2 hours. A silica gel was pre- 
pared by hydrolysis of tetrahydroxysilane in an aqueous 
solution containing polyethylene glycol with average 
molecular weight of 10,000 and small amount of nitric 
acid. The organic phase was leached out in ethanol- 
water solution. The gel was heated at 400°C for 2 hours. 
An alumina gel was prepared by evaporating HCI-pep- 
tized amorphous alumina sol 100 x 10 nm in size in an 
oven at 80°C. The gel was heated at 450°C for 2 hours. 

A rectangular piece 6 x 6 x 1 .5 mm^ of the gels was 
soaked in 12 ml of SBF. The concentrations of Ca and P 
in the fluid were monitored with inductively coupled 
plasma (ICP) emission spectroscopy during the soak- 
ing. After various periods, the gel pieces were removed 
from the fluid and their surfaces were analyzed with a 
thin-film X-ray diffraction (TF-XRD), Fourier transform 
infra-red reflection spectroscopy (IRRS) and scanning 
electron microscopy (SEM). 

ICP measurements showed that Ca and P concen- 
trations in the fluid appreciably decreased with soaking 
of the titania and silica gel. Soaking of alumina gel did 
not affect the Ca and P concentration. Figure 4 shows 
SEM photographs of the surfaces of the silica gel (top) 
and titania gel (bottom) soaked in SBF for 2 weeks. It 
can be seen from Figure 4 that a certain kind of deposi- 
tion is formed on the surfaces of both silica and titania 
gel. No deposition was observed on an alumina gel. The 
deposit on the silica and titania gels was identified as a 
carbonate-containing hydroxyapatite of small crystal- 
lites and/or defective structure, similar to the apatite in 
the natural bone, by the TF-XRD and IRRS. It is appar- 
ent from the results that both gel-derived silica and gel- 
derived titania induces apatite formation. 

A model is produced to explain the apatite induction 



from physiological-related fluids. It is considered that 
both silica gel and titania gel are capable of inducing 
apatite formation due to their abundant OH groups and 
negatively charged surfaces at physiological pH 7.4. 

5 The surfaces with negative charge has high affinity for 
Ca ions which can be accumulated around the surfaces 
because of Coulomb's force. Meanwhile, phosphate 
groups are attracted by abundant OH groups as a result 
of hydrogen bond. Therefore, both calcium ions and 

10 phosphate ionic groups rally around the surfaces and 
accumulate to such extent that heterogeneous nuclea- 
tion of apatite occurs. 

Claims 

15 

1 . A coating material for biomedical applications, par- 
ticularly for the use on biomedical implants 
characterized in that it comprises mainly a gel- 
derived titania-based material that has been treated 
20 at elevated temperature wherein said material is 
capable of inducing calcium phosphate formation 
onto its surface under in vitro conditions, e.g. in a 
simulated body fluid and/or under in vivo conditions. 

25 2. A coating material according to claim 1 

characterized in that it further comprises as addi- 
tive one or more of the following elements either as 
ions or oxides: Ca, P, Si, Na, K, B, Mg or Al. 

30 3. A process for the preparation of a coating material 
for the use on biomedical implants characterized 
in that a gel-derived titania-based coating is formed 
according to a sol-gel method. 

35 4. A process for the preparation of a coating material 
for use on biomedical implants characterized in 
that a gel-derived titania-based coating is formed 
according to a galvanic method. 

40 5. A process according to claim 4 

characterized in that the process is carried out in a 
hydroxide solution where titanium is used as the 
positive as well as the negative pole. 

45 6. A process according to claim 3, 4 or 5 

characterized in that one or more of the following 
oxides are added to the process: CaO, P2O5, Na20, 
Si02, K2O, AI2O3, MgO or B2O3. 

50 7. An implant for biomedical use comprising a sub- 
strate and a bone-bonding coating material thereon 
characterized in that said coating material is a gel- 
derived titania-based coating material that has 
been treated at elevated temperature. 

55 

8. An implant according to claim 7 

characterized in that the substrate is a tooth, hip or 
other joint implant or another biomedical implant 
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substrate. 

9. An implant according to claim 7 
characterized in that the substrate is a polymeric, 
metallic, ceramic, carbon substrate or a composite 
substrate comprising one or more of said compo- 
nents. 

10. An implant according to claim 9 
characterized in that the substrate is titanium or a 
titanium alloy. 

1 1 . An implant according to any one of claims 7 to 1 0 
characterized in that the coating material further 
comprises one or more of the following elements 
either as ions or as oxides: Ca, P, Si, Na, K, B, Mg 
or Al. 

12. An implant for biomedical use comprising a sub- 
strate and an bone-bonding apatite layer thereon 
characterized in that the apatite layer has been 
grown on a gel-derived titania coating in an in vitro 
solution, preferably an SBF solution. 

13. An implant for biomedical use comprising a sub- 
strate and an bone-bonding layer thereon 
characterized in that the bond-bonding layer is 
essentially a mixture of gel-derived titania that has 
been treated at elevated temperature and apatite, 
said apatite component having been grown on a 
gel-derived titania coating in an in vitro solution, 
preferably an SBF solution. 

Patentanspruche 

1 . Beschichtungsmaterial fur biomedizinische Anwen- 
dungen, insbesondere fur die Verwendung auf bio- 
medizinischen Implantaten, dadurch 
gelcennzeichnet, daB es hauptsachlich ein Mate- 
rial auf der Basis von von einem Gel abgeleiteten 
Titandioxid umfaBt, welches bei erhohter Tempera- 
tur behandelt wurde, wobei das Material die Calci- 
umphosphatbildung auf seiner Oberf Idche unter in- 
vitro-Bedingungen, z.B. in einer simulierten Korper- 
fliissigkeit, und/oder unter in-vivo-Bedingungen 
induzieren kann. 

2. Beschichtungsmaterial nach Anspruch 1, dadurch 
gelcennzeichnet, da3 es ferner als Zusatz eines 
Oder mehrere der folgenden Elemente entweder als 
lonen oder Oxide umfaBt: Ca, P, Si, Na, K, B, Mg 
Oder Al. 

3. Verfahren zur Herstellung eines Beschichtungsma- 
terials zur Verwendung auf biomedizinischen 
Implantaten, dadurch geiiennzeichnet, daB eine 
Beschichtung auf der Basis von von einem Gel 
abgeleiteten Titandioxid gemaB einem Sol-Gel-Ver- 



fahren gebildet wird. 

4. Verfahren zur Herstellung eines Beschichtungsma- 
terials zur Venwendung auf biomedizinischen 
5 Implantaten, dadurch gelcennzeichnet, daB eine 

Beschichtung auf der Basis von von einem Gel 
abgeleiteten Titandioxid gemaB einem galvani- 
schen Verfahren gebildet wird. 

10 5. Verfahren nach Anspruch 4, dadurch gel^enn- 
zeichnet, daB das Verfahren in einer Hydroxidld- 
sung durchgefuhrt wird, wobei Titan sowohl als der 
positive als auch der negative Pol verwendet wird. 

15 6. Verfahren nach Anspruch 3, 4 oder 5, dadurch 
gelcennzeichnet, daB eines oder mehrere der fol- 
genden Oxide dem Verfahren zugesetzt werden: 
CaO, P2O5, Na20, Si02, K2O, AI2O3, MgO oder 
B2O3. 

20 

7. Implantat zur biomedizinischen Verwendung, 
umfassend ein Substrat und ein knochenbindendes 
Beschichtungsmaterial darauf, dadurch gekenn- 
zeichnet, daB das Beschichtungsmaterial ein 

25 Beschichtungsmaterial auf der Basis von von 
einem Gel abgeleiteten Titandioxid ist, welches bei 
erhohter Temperatur behandelt wurde. 

8. Implantat nach Anspruch 7, dadurch gekenn- 
30 zeichnet, daB das Substrat ein Zahn-, ein Huft- 

oder anderes Gelenkimplantat oder ein anderes 
biomedizinisches Implantatsubstrat ist. 

9. Implantat nach Anspruch 7, dadurch gekenn- 
35 zeichnet, daB das Substrat ein polymeres, metalli- 

sches, keramisches Koh I enstoff substrat oder ein 
gemischtes Substrat, umfassend eine oder meh- 
rere der genannten Komponenten, ist. 

40 10. Implantat nach Anspruch 9, dadurch gekenn- 
zeichnet, daB das Substrat Titan oder eine Titanle- 
gierung ist. 

11. Implantat nach einem der Anspruche 7 bis 10, 
45 dadurch gekennzeichnet, daB das Beschichtungs- 
material ferner eines oder mehrere der folgenden 
Elemente entweder als lonen oder als Oxide 
umfaBt: Ca, P, Si, Na, K, B, Mg oder Al. 

50 12. Implantat zur biomedizinischen Verwendung, 
umfassend ein Substrat und eine knochenbindende 
Apatitschicht darauf, dadurch gekennzeichnet, 
daB die Apatitschicht auf einer Beschichtung auf 
der Basis von von einem Gel abgeleiteten Titandi- 

55 oxid in einer in-vitro-Losung, vorzugsweise einer 
SBF-LOsung, wachsen gelassen wurde. 

13. Implantat zur biomedizinischen Verwendung, 
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umfassend ein Substrat und eine knochenbindende 
Schicht darauf, dadurch gekennzeichnet, da3 die 
knochenbindende Schicht im wesentlichen ein 
Gemisch aus von einem Gel abgeleiteten Titandi- 
oxid, welches be! erhdhter Temperatur behandelt 5 
wurde, und Apatit ist, wobei die Apatitkomponente 
auf einer Beschichtung auf der Basis von von 
einem Gel abgeleiteten Titandioxid in einer in-vitro- 
LOsung, vorzugsweise einer SBF-LOsung, wachsen 
gelassen wurde. ra 



8. Implant selon la revendication 7 caracterise en ce 
que le substrat est une dent, une hanche ou un 
autre implant d'articulation ou un autre substrat 
d'implant biomedical. 

9. Implant selon la revendication 7 caracterise en ce 
que le substrat est un substrat polymere, metalli- 
que, c^ramique ou en carbone ou un substrat com- 
posite comprenant un ou plusieurs desdits 
composants. 



Revendications 

1. Materiau de revetement pour des applications bio- 
medicales, particulierement destine a etre utilise 
sur des implants biomedicaux, caracterise en ce 
qu'il comprend principalement un materiau k base 
de dioxyde de titane derive d'un gel qui a ete traite 
a temperature elevee , dans lequel ledit materiau 
est capable d'induire une formation de phosphate 
de calcium a sa surface dans des conditions in 
vitro, par exemple, dans un fluide corporel simul^ 
et/ou dans des conditions in vivo. 

2. Materiau de rev§tement selon la revendication 1, 
caracterise en ce qu'il comprend, de plus, comme 
additif un ou plusieurs des elements suivants, soit 
sous forme d'ions, soit sous forme d'oxydes : Ca, P, 
Si. Na. K, B, Mg ou Al. 

3. Precede de preparation d'un materiau de revete- 
ment destine a etre utilise sur des implants biome- 
dicaux, caracterise en ce qu'un revetement a base 
de dioxyde de titane derive d'un gel est forme selon 
un procede sol-gel. 

4. Precede de preparation d'un materiau de revete- 
ment destine a etre utilise sur des implants biome- 
dicaux, caracterise en ce qu'un revetement a base 
de dioxyde de titane derive d'un gel est forme selon 
un procede galvanique. 

5. Procede selon la revendication 4 caracterise en ce 
que le procede est realise dans une solution 
d'hydroxyde dans laquelle le titane est utilise aussi 
bien comme pdle negatif que comme pdle positif. 

6. Procede selon la revendication 3, 4 ou 5 caracterise 
en ce qu'un ou plusieurs des oxydes suivants est 
(sont) ajoute(s) au precede : CaO, P2O5, Na20, 
Si02, K2O, AI2O3, MgO ou B2O3. 

7. Implant pour usage biomedical comprenant un 
substrat supportant un materiau de revetement de 
liaison osseuse, caracterise en ce que ledit mate- 
riau de revetement est un materiau de revetement 
a base de dioxyde de titane derive d'un gel qui a ete 
traite a temperature eievee. 



10. Implant selon la revendication 9 caracterise en ce 
que le substrat est du titane ou un alliage de titane. 

11. Implant selon Tune quelconque des revendications 
7 a 10 caracterise en ce que le materiau de revete- 
ment comprend, de plus, un ou plusieurs des ele- 
ments suivants, soit sous forme d'ions, soit sous 
forme d'oxydes : Ca, P, Si, Na, K, B, Mg ou Al. 

12. Implant pour utilisation biomedicale comprenant un 
substrat supportant une couche d'apatite de liaison 
osseuse, caracterise en ce que la couche d'apatite 
s'est formee sur un revetement de dioxyde de titane 
derive d'un gel dans une solution in vitro, de prefe- 
rence, une solution de SBF. 

13. Implant pour utilisation biomedicale comprenant un 
substrat supportant une couche de liaison osseuse, 
caracterise en ce que la couche de liaison osseuse 
est essentiellement un melange de dioxyde de 
titane derive d'un gel qui a ete traite a temperature 
eievee et d'apatite, ledit composant d'apatite s'etant 
forme sur un revetement de dioxyde de titane 
derive d'un gel dans une solution in vitro, de prefe- 
rence, une solution de SBF. 
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FIG. 3 
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